Objective: To assess whether metformin prevents body weight gain (BWG) and metabolic dysfunction in patients with schizophrenia who are treated with olanzapine.
E xcessive BWG, hyperglycemia, type 2 diabetes mellitus, and hyperlipidemia are clinically relevant side effects of APD treatment, mainly with olanzapine and clozapine, and to a lesser extent, with quetiapine and risperidone (1) . It is hypothesized that appetite stimulation and insulin resistance are underlying mechanisms (1) .
Amantadine, nizatidine, ranitidine, famotidine, topiramate, fenfluramine, reboxetine, sibutramine, and metformin are among the drugs reported to effectively counteract APDinduced BWG (1, 2) . The antidiabetic agent metformin is particularly attractive since it decreases BWG and improves insulin sensitivity (3) .
Two studies evaluated metformin's effects on APD-induced BWG. In the first, a crossover, placebo-controlled study, metformin was ineffective in reversing BWG induced by conventional APDs in 5 adults with schizophrenia (4). In the second, an open label, before-after study, metformin significantly decreased weight in 19 children treated with diverse atypical APDs (5) . Both trials intended to ameliorate preexisting drug-induced BWG. The present study is aimed at preventing BWG during olanzapine administration in patients with severe schizophrenia or related disorders who have been stabilized for more than 5 years with conventional APDs.
Method
The study was approved by the human ethics committees of Los Andes University. Written informed consent was obtained from the head of the institution and from the patients. Sample size calculation was based on an expected difference of 40% in BWG between the 2 groups, a power of 80%, and a Type I error of 5%.
During gradual switching from conventional to atypical APDs, 40 clinically stable inpatients with severe schizophrenia or schizoaffective disorders, free of any other chronic disease and hormone replacement therapy, were selected. Each patient was treated with APDs for an average of 30.7 years, SD 10.1 years. Before the computer-based random allocation of patients to either the olanzapine (10 mg daily at bedtime) plus metformin group (850 to 1750 mg daily, n = 20) or the olanzapine plus placebo group (same number of pills as metformin, n = 20) the patients were required to have normal physical and laboratory examination results (liver, renal, hematology, and thyroid function). Previous treatment was a standard schedule of fluphenazine decanoate or haloperidol depot (25 and 100 mg/IM monthly), respectively, plus chlorpromazine of levomepromazine (100 mg orally at bedtime). Depot APDs were maintained, but olanzapine replaced the oral medication. A balanced diet, 2500 to 3000 Kcal daily, was provided. Tobacco use, snacks consumption, and degree of physical exercise were not controlled. Appetite could not be quantified owing to the severity of the mental disorder.
The following outcome variables were assessed at baseline and at Weeks 7 and 14 in carefully monitored fasting conditions: body weight, BMI (weight / height 2 ), WC, glucose, and BPRS. Lipids, postload glucose levels (75 grams orally), and HOMA-IR (glucose´insulin / 22.5) were also calculated at baseline and at Week 14. Two-tailed t tests for unpaired and paired samples were conducted for between-and within-group comparisons, respectively. Bivariate correlations were calculated between the BPRS scores, anthropometric variables, and chemical variables. When P < 0.05, values were considered significant.
Results
Two patients taking the placebo and one taking metformin dropped out of the study owing to change in residence. Twenty-two men (mean age 47.9 years, SD 10.6) and 15 women (mean age 47.4 years, SD 5.9) completed the study. The metformin group comprised 9 women and 10 men. The placebo group comprised 6 women and 12 men. Neither group significantly differed from the other on any variable at baseline. The main side effect of metformin was mild gastrointestinal discomfort. The highest dosage was well tolerated by all the patients.
No outcome variable differed significantly from one group to the other. Most patients were moderately symptomatic at baseline. Olanzapine was associated with significant clinical improvement, as is reflected by the BPRS score (withingroup comparisons for Week 14: metformin t 18 = 5.1, P < 0.001; placebo t 17 = 2.8, P < 0.02) ( Table 1) .
Body weight increased similarly in the metformin and the placebo groups respectively. At Week 7, mean BWG increase was 2.2 kg, SD 2.4 kg, compared with mean 2.6 kg, SD 2.1 kg; unpaired t test, NS. At Week 14, mean BWG increase was 5.5 kg, SD 3.3 kg, compared with mean 6.3 kg, SD 2.3 kg, NS. The within-group analysis (paired t test) was statistically WC waist circumference significant for Weeks 7 and 14 respectively. For the metformin group, t 18 = 5.9, P < 0.001, and t 18 = 7.3, P < 0.001. For the placebo group, t 17 = 6.2, P = 0.001, and t 17 = 6.3, P = 0.001. The BMI and WC also increased significantly in both groups (within-group comparisons), but there were no between-group differences (data not shown) ( Table 1) . There was a positive correlation between changes in weight and changes in WC. For the metformin group, r 19 = 0.58, P = 0.009. For the placebo group, r 18 = 0.53, P = 0.028. There was an inverse correlation between weight gain and changes in BPRS after metformin administration (r = -0.53, P = 0.01) but not after placebo administration (P = 0.3). Nurses and patients reported strong increase in appetite, but as previously mentioned, it was not quantified.
Basal glucose levels decreased under metformin (t 18 = 2.5, P < 0.02) and remained stable while taking the placebo. No significant changes were observed in the postload glucose levels.
Insulin decreased significantly in both groups, which is reflected in a significant reduction in the HOMA-IR. For the metformin group, t 18 = 4.1, P < 0.001; for the placebo group, t 17 = 3.7, P < 0.01 (Table 2 ). At baseline, 3 patients taking metformin, but none taking the placebo, had fasting glucose levels greater than 5.5 mmol/L. At Week 14, 3 patients taking the placebo and no patients taking metformin had fasting glucose levels greater than 5.5 mmol/L. At Week 14, one placebo patient had fasting glucose levels of 7.94 mml/L, which reversed after olanzapine discontinuation. At Week 14, triglycerides increased after taking metformin (t 18 = 5.9, P < 0.001). They did not increase after taking the placebo (P = 0.1). Total cholesterol decreased after metformin administration: (t 18 = 4.2, P < 0.001) but not after taking the placebo (P = 0.2). LDL cholesterol decreased after metformin administation, but not significantly (P = 0.1), whereas it significantly increased after taking the placebo (t 17 = 2.2, P < 0.05). The HDL cholesterol levels increased in both groups: for the metformin group, t 18 = 2.8, P < 0.02; for the placebo group, t 17 = 9.1, P = 0.001. VLDL levels did not significantly change in either group (Table 2 ).
Discussion
With a relatively low dosage of olanzapine (10 mg daily for 14 weeks), mean BWG in all patients was 5.9, SD 2.8 kg. This figure is congruent with Allison and others' metaanalysis of a broad olanzapine dosage range showing a BWG of 4.1 kg in 10 weeks (6) .
Metformin did not prevent increases in BWG or WC. Triglycerides also significantly increased. Total cholesterol levels decreased and HDL levels significantly increased under metformin. HDL levels significantly decreased under the placebo as well. The HOMA-IR index decreased in both groups. Three patients with high fasting glucose improved under metformin, while glucose levels deteriorated in 3 placebo patients. Thus, with the exception of the triglyceride levels, metformin displayed a positive metabolic effect that appears dissociated from its ability to prevent olanzapine-induced BWG. Metformin was well tolerated and did not interfere with clinical improvement. No significant between-group differences were observed with any variable (P > 0.05). For within-group comparison details, see text. *P < 0.05; **P < 0.01; ***P < 0.07 compared with baseline
In patients with type 2 diabetes, metformin improves insulin resistance and lipid profile and either has a neutral effect or decreases body weight (3) . We thus hypothesize that olanzapine-induced BWG is mainly associated with direct appetite stimulation (1), a mechanism that is not primarily influenced by metformin (3) . Appetite was, unfortunately, not measured. This hypothesis requires further evaluation. Since BWG during olanzapine treatment reaches a plateau after 39 weeks (7) , it remains unclear whether metformin could exert a positive effect on BWG beyond 14 weeks with olanzapine dosages above 10 mg daily and a larger sample size.
The apparent improvement in insulin resistance under olanzapine cannot be explained here. It may be related to stress decrease associated with the good clinical outcome. This finding appears to contradict the accepted assumption that olanzapine, at least on a short-term basis, induces global deleterious effects on glucose metabolism. Metabolic dysfunction may be concentrated in some patients whose predictive profile has yet to be identified (1, 7) .
No double-blind, placebo-controlled study about the effects of metformin on olanzapine-induced BWG has been published. Our study comprised patients with severe mental disorders, chronically treated with typical APDs, who started atypical agents at a relatively advanced age. It remains unanswered whether metformin could display positive effects on BWG in a different clinical population. Résultats : À la 14 e semaine, la PPC (kg) était semblable dans le groupe de metformine (5,5 kg) et le groupe de placebo (6,3 kg), P = 0,4. Il n'y avait pas de différences non plus entre les changements d'IMC, de TT, de glucose, d'insuline, et d'indice d'insulinorésistance (HOMA-IR), et les niveaux de lipide plasmatique observés dans le groupe de traitement et le groupe de placebo. Toutefois, les niveaux de glucose diminuaient significativement après l'administration de metformine (P = 0,02). L'HOMA-IR diminuait significativement dans les deux groupes, mais 3 sujets du groupe de placebo ont développé des taux de glucose à jeun supérieurs à 5 mmol/L. Après avoir pris de la metformine, les niveaux de triglycérides ont augmenté, mais le profil du cholestérol s'est significativement amélioré.
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Conclusions :
La metformine n'a pas prévenu la PPC induite par l'olanzapine. Bien que certains paramètres lipides aient empiré durant le placebo, l'HOMA-IR s'est amélioré dans les groupes de placebo et de metformine. La dysfonction du métabolisme des glucides n'a pas été systématiquement observée durant l'administration d'olanzapine à court terme.
